A simple many-body interatomic potential is proposed. This is an empirical extension of the embedded-atom method (EAM). The EAM models the lattice energy and elastic compressibility using a pair interaction plus a many-body term. It does not include any contribution of many-body terms to the crystal elastic shear. This contribution is included in the model developed here. It implies a simplified treatment of the angularity inherent to covalent bonding in transition metals. A set of interatomic potentials is deduced for bcc Nb, Fe, and Cr. While in previous works in the literature the EAM has already been successfully applied to the fitting of interatomic potentials for Nb and Fe, this was not the case for Cr, for which the elastic-constant values implied a negative Cauchy pressure.
I. INTRODUCTiON
Computer simulation of defects in lattices has gone through different periods. In the early 1960s, the method was already applied to relatively complex defects like dislocations. ' Computer speed and storage were the two major limitations of the technique until the mid-1970s.
Recent advances in computing facilities as well as the development of efficient numerical algorithms have largely overcome these two drawbacks. However, even nowadays, the efforts to increase the complexity of problems studied using computer simulation are hindered because of the unavailability of simple, easy to compute, interatomic potentials, which, in addition, treat forces in a physically realistic way. To our knowledge, the pair interaction approximation has been used almost exclusively in the 1960s and 1970s. More realistic approaches to the interatomic forces in metals and semiconductors, which can also be used for the computer simulation of defects structure, have been only recently reported in the literature; see Refs. 2, 3, 4, 5, and 6 for a review. One must remember that, by using pair interaction potentials, the physical validity of the calculation is somewhat limited, the major drawbacks being that (i) if the experimental elastic constants are correctly reproduced, a fictitious pressure has to be imposed for holding the lattice at equilibrium; (ii) nearly equal cohesive and vacancy formation energies are predicted, at variance with the experimental observations; and (iii) those potentials generally predict unrealistic relaxation of the free-surface atoms.
Finnis and Sinclair (FS), Daw and Baskes (DB), who named the method the embedded-atom method (EAM), and Ercolesi et al. calculated the energy of an assembly of metal atoms defined through their atomic coordinates by including in the interatomic potential pair interaction terms plus the essential band character of the metallic cohesion. This latter was assumed as an explicit local volume dependence of the total energy. Their approach allows for the modeling of defect properties not accessible to the simple pair interaction potentials; in addition, the simplicity and speed in calculation are retained. Howev- er, even nowadays if we want to simulate defects in covalent materials like Si or Ge or in transition metals, it is difficult to find appropriate interatomic potentials. For the case of Si bonding, the covalent interaction has been included in a potential function by Stillinger and Weber.
Those authors proposed a model of three-body interaction forces. Also for Si and Ge, Baskes and Baskes et al. developed a semiempirical potential based on a modified embedded-atom method (MEAM). This includes some dependence of the local electron density on the angle between the vectors joining two neighbor atoms to a central one.
In a previous paper, ' we also proposed to extend the EAM, adopting an empirical approach based on considering each lattice atom as a defect embedded in an efFective continuum host. That approach allows the contribution of a many-body term to the energy involved in shearing a crystal to be included. In Ref. 10 only manybody terms were considered in the fitting of the materials properties. The conclusions of that work are fully exploited below to develop interatomic potentials for bcc transition metals.
It is worthy to remember here that, as early as in 1981, Matthai et al. " discussed that experimental perfect lattice properties in bcc transition metals reAect departures from central force fields. They invoked, among others, (i) the deviation of the x-ray-scattering form factor from free-atom calculations, (ii) The theory of defects in a continuous media as developed, for example, by Kanzaki, ' Flinn and Maradudin, ' Tewary, ' Nowick and Berry, ' and Schober, ' shows that the distortion field of an impurity within the harmonic approximation for the energy is determined by
The first term in Eq. (7) We now propose to associate the local tensor A, with the electronic density and we shall call this tensor the dipole electron-density tensor. If P in Eq. (5) (14) In Eqs. (13) and (14) 
where Go is the first derivative of G with respect to its argument.
Replacing the variation of )(. in Eq. (12) T. Gorecki, Z. Metallk. 65, 426 (1974) . 'De Schepper, Phys. Rev. B 27, 5257 (1983 where the i, j, k indexes stand for atomic positions and the Greek indexes for Cartesian components.
We said in the main text that the fitting of interatomic potentials to experimental elastic constants can be simplified by using an appropriate tensor base ( Note that the following relation holds:
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